Various chemical and biological methods have been suggested for the determination of the fertilizer needs of soils but all have been found to be of limited practical value. The search for a suitable method continues, however, and recently Winogradsky 3 suggested a biological method which, by more nearly duplicating the conditions existing in the field, would give more accurate results. He devised what has been called the spontaneous culture test. This depends upon the growth of Azotobacter and possibly other aerobic, non-symbiotic, nitrogen-fixing microorganisms on the surface of the soil, treated with a a carbohydrate, calcium carbonate, a phosphate and a potassium salt in varying amounts, separately and in combination and placed in plates. A greater development of colonies on a soil treated with calcium carbonate, phosphorus or potassium is assumed' to indicate a need for the same constituent in the field. Some success has been reported 4 by the use of this test for determining the fertilizer needs of soils, and further studies on it seem desirable. EXPERIMENTAL The experiments reported in this bulletin involve a study of the spontaneous culture test as a measure of plant food deficiencies on some of the more important soil types of Iowa and an attempt to modify the test so as to make it satisfactory for use in diagnosing soil needs.
PART 1. SPONTANEOUS CUlJTURE TESTS ON SOILS TO DETERMINE PHOSPHORUS DEFICIENCIES

THE SOILS STUDIED
Thirteen soils were used; 10 Iowa soils, 2 Colorado soils and 1 Utah soil. The major part of the experimental work was done on samples of Carrington loam from the Agronomy Farm of the Iowa Agricultural Experiment Station. Soil samples were also taken from 9 of the cooperative soil experiment fields located on different soil types in Iowa. Three samples were taken from each field, 1 from the untreated plot, 1 from the plot receiving manure, limestone and rock phosphate and 1 from the plot receiving manure, limestone and superphosphate.
The samples from Colorado were obtained from the Agricultural Experiment Station at Rocky Ford, through the courtesy of Mr. Robert Gardner, and from the Agricultural Experiment Station at Fort Collins. The sample from Utah was secured through the courtesy of Dr. T. L. Martin, of Brigham Young University. This soil was probably taken from the Jordan series near Provo, Utah.
The Iowa soils were sampled by taking small samples from 12 points on each plot and mixing them to form a composite sample. Each sample was air-dried and sieved through a 20-mesh sieve. The pH of the soils used was determined by the quinhydrone electrode.
The field treatments of the plots on the Agronomy Farm from which soils were taken are shown in table I.
METHODS
The following procedure was used in making up the spontaneous culture plates in this work. Three lOa-gram samples of 4 . Green manure treatment con sisted of clover l'esidues. 'Superphosphate applied at rate of 150 pounds per acre annually.
Note: Series 601 to 606 and 701 to 706 received treatments of limestone and fertilizers in 1921, 1925 and 1929 . Series 908 to 910 and 1,000 to 1,005 received treatments in 1923, 1927 and 1931. each soil were weighed out and treated as follows: (a) potato starch 5 percent, check, (b) potato starch 5 percent and 0.4 p ercent calcium carbonate, (c) potato starch 5 percent, 0.4 percent calcium carbonate and 0.6 percent of secondary sodium phosphate. In some cases a fourth plate was made, adding muriate of potash to the soil with the (c) treatment to determine the influence of potassium additions to the soil. After the materials were thoroughly mixed with the soil, sufficient distilled water was added to make a thick paste. The moistened soil was then packed into duplicate halves of small petri dishes and the surface smoothed by means of a moist spatula. The plates were placed in a moist chamber and incubated one week at 28 degrees Centigrade. Observations of the growth on the plates were made each day. Preliminary tests with the method showed that mannitol stimulated a more abundant and vigorous growth on Iowa soils than did starch. Hence in some of the tests 10 cc. of a 12.5 percent mannitol solution and 5 cc. of a 12 percent di-sodium phosphate solution were added to each 100-gram sample of soil.
TESTS ON AGRONOMY FARM SOILS
Preliminary experiments on the Carrington loam from plots 908 and 910 on the Agronomy Farm and on soils from the arid section (table II) show that it was possible to obtain the typical Azotobacter growth on the soil from plot 908 when starch, calcium carbonate and di-sodium phosphate were added but there was no growth when the phosphate was omitted. On the soil from plot 910 no growth was obtained with any of the treatments. Typical Azotobacter growth appeared on the soils from the arid section. With the Colorado soil, small slow-growing 
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Observation of growth is at 120 hours unless otherwise noted in Additions of muriate of potash did not increase the development of the spontaneous cultures from any of the soils used.
Following these preliminary tests, studies were made on samples of soil from plots on the Agronomy Farm receiving various fertilizer treatments. Mannitol was used in these tests instead of starch.
In April, 1931, samples of soil were taken from plots 908 to 910 and 1000 to 1005 and the spontaneous culture test made. Table III gives the results of these tests. The soil from plot 908 supported a greater growth than was secured the previous fall. The sample from plots 908 and 909 both required the addition of phosphorus with the mannitol and calcium carbonate to bring about the spontaneous culture growth. The ·soil from plot 910 again failed to support a spontaneous culture growth with any of the treatments, undoubtedly due to the acid condition existing in the soil which showed a pH of less than 6.0.
All the soils from the 1000 to 1005 series supported a spontaneous culture growth of about the same amount and vigor when mannitol, calcium carbonate and phosphorus were added. No growth appeared in any case without the phosphorus. Apparently the field additions of manure, rock phosphate or superphosphate did not influence the development of the spontaneous cultures on the soils.
In the latter part of April plots 601 to 606 and 701 to 706 were sampled and the soils tested. These plots received amounts of rock phosphate varying from 500 to 2,000 pounds per acre every 4 years, with farm manure or green manure, but the test showed no differenc~ in the spontaneous culture growth on any of the soils. No growth occurred without a phosphate addition in the test.
In October, 1931, the same 4 series of plots were again sampled and the spontaneous culture test made. The results are shown in table IV.
The reaction of the soils from all plots had not changed materially except that there was a slightly greater acidity.
The soil from plots 908 and 909 showed a moderate growth with additions of mannitol or mannitol and calcium carbonate; but a greater and much more vigorous development occurred when the phosphate was added. The soil from plot 910 which showed no spontaneous culture growth at the two previous samplings had a good colony growth when mannitol, calcium carbonate and phosphate were added.
The 'crop yields on plots 908 to 910 for 10 years showed that the highest yields of corn were secured with the manure and limestone, and limestone alone had some effect. The spontaneous culture test showed some relationship and indicated that phosphorus was needed on these 3 plots.
The samples from the untreated plot (1000 ) and from plot 1002 treated with manure and limestone failed to produce a spontaneous culture growth with any of the treatments. The soils from plots 1001 and 1003 supported only a scanty spontaneous culture growth when mannitol, calcium carbonate and phosphate were added, while the soils from these plots gave a moderately vigorous growth on the samples taken in April. The soil from plots 1004 and 1005 supported the same amount of growth as was shown in April. The development was somewhat slower, however, than in the former tests. A second test was made on the soils from plots 1000 and 1002 and again no growth occurred.
In general, the crop yields on this series of plots show in- creases every year from the fertilizer treatments; the soils treated with manure, limestone and the phosphates gave the largest yields. The spontaneous culture tests indicate that all the plots in this series require phosphorus additions.
In series 601 to 606 all the soils showed less development of the spontaneous culture growth than was supported on the samples taken from these plots in April, except in the case of the soil from plot 602.
On plots 701 to 706 all samples except the one from plot 703 showed less spontaneous culture development than was supported by the samples taken in April, and a longer time was required for the appearance of the colonies. The sample taken from plot 703 supported a very good spontaneous culture growth which developed after an incubation period of 120 hours, or 72 hours longer than was required in the previous test.
Crop yields on the plots in the 601 to 606 and 701 to 706 series have shown the greatest increase due to the first 500 pounds of rock phosphate added to the soil. The spontaneous culture tests indicate that the soil in these plots needs more phosphorus than the amount already present. Hence, in this case, the spontaneous culture test does not measure the phosphorus needs of the soil.
TESTS ON COOPERATIVE FIELD EXPERIMENT SOILS
Samples of soil were taken from some of the plots on the outlying soil experiment fields in the state and subjected to the spontaneous culture test. The data secured in these tests are shown in table V with the crop yields, fertilizer treatments and soil reaction.
On the samples taken from the O'Neill loam on the Everly field, no spontaneous culture growth appeared when phosphorus was omitted from the treatment; and with the soil from the plot treated with manure, limestone and rock phosphate. there was no growth even when phosphorus was added. The crop yields indicated beneficial effects from applications of phosphorus to this soil and the test shows a further need of available phosphorus.
On the samples of the Marshall silt loam from ·the Cherokee field, the spontaneous cultures developed only on the soil from the untreated plot when additions of mannitol, calcium carbonate and phosphate were made. Crop yields were increased by additions of phosphate fertilizers to this soil in the field, but the spontaneous Gulture test failed to show any evidence of effeet from the phosphorus additions made in the field, a deficiency still being evidenced.
The Grundy silt loam from the Mt. Pleasant field did not support i1 spontaneous culture growth with the complete treatment in the test on any of the samples. This lack of growth was probably due to the initial reaction of the soil which was 5.46 pH for the untreated soil.
The Tama silt loam from the Hudson field did not support a spontaneous culture growth when phosphorus was omitted from the treatment. When phosphate additions were made, however, a very good spontaneous culture growth developed on the soils from the 2 treated plots. The soil from the untreated plot supported no growth. Phosphate additions in the field increased the crop yields but did not influence the spontaneous culture growth in the test, which indicates that phosphorus is still lacking in this soil.
With the Carrington silt loam from the Osage field the untreated soil did not support a spontaneous culture growth with any of the treatments. This was expected since the pH of the soil was 5.22. On the plots which had received field treatments . of phosphates, a scanty spontaneous culture growth developed without phosphate addition in the test but a vigorous spontaneous culture growth occurred with additions of phosphate, indicating that further additions of phosphorus fertilizers would be beneficial to crop growth on this soil. . The Carrington loam from the Waverly field fail ed to support a spontaneous c1.1lture growth when phosphorus additions were omitted. When phosphorus was added, however, there was a scanty growth on the soil from the untreated plot and a vigorous growth on the soil from the treated plots. Additions of phosphorus fertilizers in the field greatly increased the crop yields but the spontaneous culture test shows that a deficiency still exists.
The Marion silt loam from the West Point field did not support a spontaneous culture growth when phosphorus was omitted from the test treatments. Additions of phosphorus, however, stimulated a vigorous spontaneous culture growth on the soil from the untreated plot. Additions of phosphorus fertilizers in the field increased crop yields but the test shows a lack of phosphorus.
The Clinton silt loam from the Princeton field did not support a spontaneous culture growth when phosphorus was omitted in the test. With phosphorus additions, however, a vigorous spontaneous culture growth appeared on the soil from the plot receiving rock phosphate. Only a scanty growth occurred on the soil from the plot receiving superphosphate. No growth appeartld on the soil from the untreated plot. Crop yields on this soil show that phosphorus fertilizers have given large increases in the yields. The test indicated that further additions of phosphate are needed.
The Muscatine silt loam from the Letts field supported a spontaneous culture growth only with additions of mannitol, calcium carbonate and phosphate on the soil from the plot receiving rock phosphate. Crop yields have been increased by the phosphorus addition to this soil, and, as before. the spontaneous culture test indicated the need for further applications of phosphorus fertilizers to this soil.
In practically all cases. in the tests in which there was no spontaneous culture growth, the r eaction of the soil was too acid or had previously been too acid for the development of the aerobic non-symbiotic nitrogen-fixing organisms of the soil.
In 15 of the wil samples the pH was 6.0 or below or had been 6.0 or below b efore limestone additions were made in the field to neutralize the acidity, and this pH has been found to be the lower limit for the growth of these organisms. In those soils where the acidity had been neutralized snfficiently for the existence of the aerobic non-symbiotic nitrogen-fixing organisms and which did not support aspontaneous culture growth when treated vvith mannitol, calcium carbonate and phosphate in the test, it is quite possible that these organisms have not been established in the soil since the reaction reached a favorable point. Hence, it is evident that the spontaneous culture test has little value on these soils as a test for available phosphorus.
The inconsistency of the spontaneous culture growth appear-ance on samples of soil taken from the same plot at different times is worthy of notice. In samples of soil taken from plot 910 on the Carrington loam, no spontaneous culture growth developed on the soil in the tests made on samples taken in October, 1930, and April, 1931 , but on the samples taken in October, 1931, a very vigorous spontaneous culture growth developed when mannitol, calcium carbonate and phosphate were added. Other inconsistencies may also be noted. In general, the spontaneous culture test showed no correlation with the crop yields on the plots. All the tests indicated the need of additions of phosphorus fertilizers to the soils of the plots receiving treatments of phosphorus fertilizers far in excess of the amount shown to be profitable.
PART II. MODIFICATIONS OF THE SPONTANEOUS CULTURE METHOD
CRA~GJNG 'rRE ENERGY l\IATERHL
In the preliminary experiments, it was found that some soils failed to support a vigorous spontaneous culture growth when starch was used, and it seemed that some other energy source might be preferable. Hence, a series of soil plates using varying amounts of mannitol and glucose were prepared for spontaneous culture tests. Table VI lists the results obtained in the tests on soil from plot 908. Small slow-growing colonies appeared on the surface of the soil plate after incubation for 96 hours at 28 degrees Centigrade, when 5 percent starch, calcium carbonate and phosphate was used. When 5 percent mannitol or 5 percent glucose was substituted for the starch, a very dense vigorous spontaneous culture growth appeared, which completely covered the surface of the soil plate and obscured the individual <:01- onies. Additions of 2.5 percent or 1.25 percent of mannitol or glucose gave about the same results as the 5 percent treatments. Figure 1 shows the effect of additions of 1.25 percent mannitol on the spontaneous culture growth on soil from plot 908 compared with the growth resulting from additions of 5 percent starch. Glucose was not selected for use in the later tests as it produced a less distinct colony growth.
INOCULATION OF THE SOIL
The effect of inoculation of soils with pure and mixed cultures of organisms on the development and appearance of the spontaneous culture growth was studied, using the same pro· cedure followed in the previous experiments. The Iowa soils used were taken from plots 908 and 910 at the Agronomy Farm in October, 1930. The Utah and Colorado soils were obtained from those states in the fall of 1930. Table VII gives the results obtained by mlxmg different amounts of Colorado and Utah soils, which supported vigorous spontaneous culture growth, with the Iowa soil from plot 910, which failed to support any growth. Typical Azotobacter growth developed with the arid soils. N either the 1 to 1 nor 3 to 1 mixtures of the Carrington loam and with the Colorado and Utah soil changed the character of the growth common to those soils, but the growth was slower than in the arid soils alone.
INOCULATION WITH ARID SOILS
These results indicate that the arid soils either supplied an **The suspensions of organisms from the Colorado and Utah soil plates were made by transferring a considerable quantity of the gelatinous mass appearing as spontaneous cultures on the respective plates of soil from the two states to 10 cc. sterile water in a test tube and shaking to make a suspension.
essential nutrient for the bacterial growth or a bacterial flora capable of producing a spontaneous culture growth on the surface of the soil plates of the Carrington loam under the conditions of these experiments, or perhaps both. Table VIII gives the data for the experiment carried out to determine the influence of inOCUlating the soil with a pure culture of A zotobactM' chroococcton and mixed cultures of organisms from the Colorado and Utah soils. One cc. of the suspension of organisms was transferred to each sample of soil. One cc. of each suspension was also transferred to an agar plate as a check on the viability of the organisms and an abundant growth of organisms developed in every case.
INOCULATION WITH PURE AND MDCED GUU.rURES OF BACTERIA
The soils used as a basis for this experiment were taken from plot 908, which supported a good spontaneous culture growth with additions of starch, calcium carbonate and phosphate; from plot 910, which did not support a spontaneous culture growth with any treatment; and from the vVebster loam which a very scanty growth with additions of starch, calcium carbonate and phosphate. As shown in table VIII, no spontaneous culture growth appeared on any of the soil plates with any of the treatmepts. The inoculation of the soil from plot 908 with the suspensions of organisms inhibited the growth of the normal flora of the soil which produced a good spontaneous culture growth. The same is true with the W ebster loam. This inhibition of the development of spontaneous cultures by inoculation of the soils on which normal spontaneous culture growth appeared is explained below. Table IX gives the results obtained on a similar test made on the soil from plot 908 using slant and solution cultures of A zotobade?" Ch1·0ocOCctmt, A zotobacter vinelandii, and A.zotobacter beije1"inckii. The slant cultures were grown on a yeast-mannitol agar slant, and the solution cultures in a yeast-mannitol liquid medium. No spontaneous culture growth appeared when starch was added to the soil except when the inoculation was omitted. When glucose was added to the soil the inoculation with A.zotobacter Ch1·oococcnm produced a greater growth than appeared on the plates inoculated with either A zotobacte1· vinelandii or Azotobacte?" beije1·inckii. When inoculation was omitted additions of glucose stimulated a very abundant growth. When mannitol was used there was a more uniform growth of the spontaneous cultures with all inoculations. The plates inoculated with Azotobacter chroococcWln, however, showed the greatest development of culture growth.
In general, very little difference in the spontaneous culture growth appeared with the use of the uspensions from the slant or solution cultures of the Azotobacter.
With additions of either mannitol or glucose the growth appearing on the soil inoculated with the Azotobacte?' vinelandii appeared 24 hours later than with either of the other species of Azotobacter.
This experiment indicates that inoculation of the soil with organisms belonging to the group of aerobic non-symbiotic nitrogen-fixers mayor may not inhibit the spontaneous culture development arising from the normal flora of the soil, depending upon the energy source supplied. Additions of glucose or mannitol apparently permitted a spontaneous culture development on the inoculated soil plates which did not occur when starch was used.
SIZE OF I~OCULUM
The following experiment was carried out to determine whether or not too large amounts of inoculum had been added to the soils in the previous tests. Table X shows the effects of the size of the inoculum with different amounts of mannitol upon the amount and time of appearance of spontaneous culture growth on samples of oil from plot 908 compared with the growth using starch and the same amounts of inoculum. The usual calcium carbonate and phosphate treatments were made to each sample of soil.
The data in the table show that smaller amounts than 1 cc. of the original suspension of Azotobacter chroococcum did not inhibit the development of the spontaneous cultures when starch was used.
With the larger amounts of mannitol the amount of growth decreased with additions of the dilutions greater than 1 to 100 of the original suspension. Also the "time of development was 24 to 48 hours longer than was required when the larger amounts of inoculum were used. These data indicate that too large an inoculum was responsible for the lack of spontaJ;leous culture growth shown in tables VIII and IX when starch was used. It is also evident from these results that the energy source is very important for the development of the typical Azotobacter growth on the spontaneous culture plates as a much more vigorous and rapid-growing culture appeared when mannitol was used than was produced by the addition of starch.
PART III. PHOSPHORUS RELATIONSHIPS AND THE SPONTANEOUS CULTURE DEVELOPMENT
In the previous tests there appeared to be little correlation between the availability of the phosphorus in the soils for crop growth in the field and the availability of the phosphorus for the organisms developing in the spontaneous culture tests. Experiments were conducted, therefore, to study this relationship.
The available phosphorus of the soil was determined by the Truog 0.002 N sulfuric acid soluble methodS and also by the Aspe?'gilltts niger method suggested by Niklas, Poschenrieder and Trischler . ~ The reaction of the soil was determined by use of the quinhydrone electrode.
The spontaneous culture tests were made by the same procedure outlined previously, using mannitol. Table XI shows the relationship between the spontaneous culture test as a means of determining the phosphorus deficiencies of the soils of plots 908 to 910, 601 to 606, 701 to 706, 1000 to 1005, the Utah soil and two soils from Colorado, together with the reaction, phosphorus content and fertilizer treatments of these soils.
COMPARISON WITH OTHER METHODS FOR DETERMINING AVAILABLE PHOSPHORUS CONTENT OF SOILS
In the tests by the Truog method the soil from plot 908 was higher in soluble phosphate than that from plots 909 and 910. Similar differences were shown in the amounts of soluble phosphorus in these soils with the Aspe?'gillltS nige1' test. '1'he spontaneous culture development was affected by the reaction. No growth appeared on the untreated soil which had a pH of 6.0, while good development occurred on -the soils which received ·Jour. Arner. soc. Agron., 22 :874 (1930) . 6 Ernahr. Pflanze., 26 :339 (1930) . In the soils from the plots 601 to 606 and 701 to 706 the soluble phosphorus shown by the Truog method increased with the increasing amounts of' rock phosphate added. The soils from plots 601 to 606 which received farm manure had a much higher content of soluble phosphorus than those which received green manure. The Aspe.Tgilllls niger test, however, showed that there was approximately the same amount of available phosphorus from the two series of plots when corresponding amounts of rock phosphate were added. In general, the Aspergillus nigM' growth increased with the increases in phosphate additions in both series of plots.
The differences i.n reaction between the soils in the plots of these two series were small and apparently had no effect on the spontaneous culture development. The growth was scanty on the soil plates of the soils in both series except on 2 soils which supported a more vigorous spontaneous culture development.
The 0.002 N sulfuric acid soluble phosphorus content of the soils from plots 1000 to 1005 increased with the fertilizer applications in the field except for the soil on the plot receiving manure, limestone and rock phosphate. The correlation between the soluble phosphorus content and the available phosphorus shown by the Aspergilltls nigC1' growth was not as close with these soils as with the others.
No spontaneous culture growth appeared on the soil plates from this series when phosphorus was omitted from the treatment, and no growth appeared on the soil plates from plots ] 000 and 1002 with any treatment in this test. As was true with the other series of plots, the spontaneous culture test showed no relationship to the available phosphorus according to this experiment.
No definite correlation was noted betwecn the soluble phosphorus content, the availability of the phosphorus and the spontaneous culture growth in thc case of the Iowa soils. ,Vith the Utah and the Rocky Ford soils, the high availability of the phosphorus influenced the development of the spontaneous culture growth, but the high availability of the phosphorus in the soils of plots 605 and 705 did not influence the spontaneous culture growth on these soils.
In general, it appears that a soil having a high soluble phosphorus content as determined by the Truog test will also support a relatively large flspergilltls niger growth. The fact that the phosphorus of the arid soil is available to both the AspC10gilltls nigC1' growth and the spontaneous culture development is of interest since the phosphorus of the Iowa soils appeared to be available for the AspC1 0 gilltls nigC1' growth but did not stimulate the growth of the spontaneous cultures.
INFLV"ENCE OF SOURCE OF PHOSPHATE
The test reported in table XII was made to study the effect of different phosphorus sources on the appearance and development of the spontaneous cultures. Three phosphorus sources and one nitrogen source were added to the soil from plot 705. This soil was chosen because of the large additions of rock phosphate in the field and because the test indicated that the soil was relatively high in soluble phosphorus.
As shown in the table, no growth appeared when phosphorus was omitted from the treatment. A vigorous spontaneous culture growth developed when 0.6 percent of the secondary sodium phosphate was added, however. When a similar application of rock phosphate was made, no growth appeared on the soil plates. When superphosphate was substituted, a scanty growth of three to four colonies per plate appeared after 72 hours incubation.
The addition of 0.6 percent ammonium nitrate to the regular treatment for the spontaneous culture test stimulated a very vigorous mold growth in 48 hours which prevented any observation of the spontaneous culture growth. Table XIII gives the treatments and results obtained in a more extensive study of the availability of certain phosphorus compounds for the spontaneous culture growth on the soil from plot 705. Seventeen phosphates and 1 commercial phosphate fertilizer were used instead of the secondary sodium phosphate.
All the compounds containing nitrogen, except the sodium ammonium phosphate, stimulated such vigorous mold growth on the surface of the soil plates that it was impossible to determine whether or not any spontaneous culture growth occurred.
Of the 3 potassium phosphates used, the secondary phosphate stimulated the greatest spontaneous culture growth. The sodium phosphates stimulated spontaneous culture growth in the same order as the potassium salts. With the calcium phosphates the t ertiary calcium phosphate stimulated the greatest growth. The primary magnesium phosphate produced a scanty spontaneous culture growth lacking in vigor while the t ertiary magnesium phosphate supported a few vigorous colonies. Both , of the iron phosphates stimulated the growth of large numbers of very small colonies. Aluminum phosphate supported a good growth of moderately vigorous spontaneous cultures.
The commercial fertilizer, Ammo-phos-ko, produced a few vigorous colonies on the surface of the soil plates in 48 hours, but at 72 hours the plates were completely overgrown with a mold growth and it was impossible to observe the later spontaneous culture development.
This experiment shows that the phosphorus in the more common phosphates varied in effect on spontaneous culture growth. The availibility did not always depend upon the solubility, and it is possible that the associated ions may have some influence. Table XIV gives the results obtained by adding various amounts of secondary sodium phosphate to soil samples from plot 705 to d etermine the amount of soluble phosphorus (by the Truog method) which must be present in the soil for the appearance of the spontaneous culture growth. A 6.0 percent solution of secondary sodium phosphate was added to the soils taken at two samplings from plot 705 in the amounts shown in the table.
EFFE CT OF AMOU NTS OF PHOSPHATE
On the sample of soil taken in October , 1931, it was necessary to add 3.0 cc. of the phosphate solution to 100 grams of soil to bring a.bout a spontaneous culture development. Six cc. of the phosphate solution were necessary to produce the maximum growth on the plates.
On the sample of soil taken in April, 1932, it was necessary to add 2 cc. of the phosphate solution to produce the same amount of growth as was secured with the a.ddition of 3 cc. of the phosphate solution to the soil sample taken previously. Five cc. of the phosphate solution were required to give the maximum spontaneous culture growth.
To determine the amount of soluble phosphate present in the soil after the addition of each amount of the phosphate solution, half of each sample of treated soil was used for the spontaneous culture test and the other half dried and the soluble phosphorus content determined by the method of Truog. The data are also given in table XIV.
It is of interest to note that while there is no definite amount of soluble phosphorus (as determined by the Truog test) in this soil which will stimulate the growth of the spontaneous cultures, approximately 400 pounds of soluble phosphate were present in the soil at both samplings when the spontaneous culture growth first appeared. Smaller amounts of soluble phosphorus did not support the spontaneous culture growth at either sampling.
'rhe determinations made in this group of experiments do not give conclusive proof of the amounts of phosphorus necessary for the spontaneous culture development on a soil plate, b"lt they do indicate that a considerable quantity of phosphorus must be present and that it must be in an available form. They also point out that the phosphorus which is capable of supporting AspC1'gillus niger growth in the solution culture used in the Aspergillus niger test, will support the spontaneous culture development on the soil plates of the Iowa soils. SUMMARY AND CONCLUSIONS 1. Soils from 21 experimental plots on Carrington loam at the Agronomy Farm, 3 samples of soil from each of 9 outlying experimental fields located on various soil types, 2 samples of soil from Colorado and 1 soil from Utah were tested for phosphorus deficiency by the spontaneous culture method. Starch, mannitol and glucose were compared as energy sources for the development of the spontaneous cultures on the soil plates; experiments were conducted on the inoculation of soils which did not support spontaneous culture growth; and some of the phosphorus relationships of the spontaneous culture development on the soil plates were studied.
2. Spontaneous culture development was not supported by soils more acid than pH 6.0. In most cases, however, neutralization of the acidity of the soil in the field by liming permitted growth on the plates.
3. All Iowa soils required the addition of phosphate for maximum development of the spontaneous cultures regardless of the fertilizer additions in the fields.
4. The spontaneous culture test indi, cated a need for phosphorus on soils from plots which showed practically no increase in crop yields from additions of rock phosphate, as well as on those deficient in available phosphorus.
5. The spontaneous culture development which appeared on samples of soil taken from the same plots at different seasons of the year indicated that the numbers and vigor of the organisms which produced the spontaneous culture growth varied with the time of sampling.
6. Mannitol and glucose stimulated spontaneous culture growth to about the same degree in soils and both to a greater . extent than starch. Mannitol produced a colony growth of much greater viscidity than glucose.
7. Inoculation of a sample of soil with 1 cc. of a suspension of a pure culture of Azotobacter inhibited the development of a spontaneous culture growth when the starch was used. However, 1 cc. of a 1 to 10 dilution of the original suspension added to the soil produced a spontaneous culture growth on the soil plates in 48 hours less time than was required for the growth to appear on the uninoculated soil. 8. It was found possible to bring about a· spontaneous culture growth on the surface of soil plates made from acid soils by adding sufficient calcium carbonate to neutralize the acidity and making additions of mannitol and phosphate and inoculating with a pure culture of Azotobacter.
9. A close relationship existed between the soluble phosphorus content of the soil (as shown by the 0.002 N sulfuric acid method of Truog) and the amount of growth secured when the soil was tested by the Aspe?'gillus nige?' method for available phosphorus, The spontaneous culture growth, however, did not appear to be stimulated by the high soluble phosphorus content shown by some of the Iowa soils, On the Colorado and Utah soils a much closer relationship existed between the results obtained by the three tests.
10. Of the 17 phosphates substituted for the secondary sodium phosphate in the spontaneous culture test, all appeared to be more or less available for spontaneous culture development.
11. Approximately 400 pounds per acre of soluble phosphorus were necessary to support spontaneous culture development on one soil tested, and about 450 to 500 pounds per acre gave the maximum development of the spontaneous cultures on that soil.
12. From these experiments it seems evident that the spontaneous culture test is of little value for determining the phosphorus deficiencies of the Iowa soils tested. There seems to be little possibility of modifying the test to make it of use for this purpose since many of the soils of Iowa are too acid to permit the growth of the organisms responsible for the spontaneous cultures. It is also questionable whether this test would indicate the amounts of phosphorus which would produce the maximum economic crop yields when applied to the soils of Iowa.
